Objectives-It is difficult to establish a diagnosis of the follicular variant of papillary thyroid carcinoma (PTC) using fine-needle aspiration cytology (FNAC). Preoperative features on ultrasound (US) imaging are different between follicular PTC and classic PTC. This study developed a risk score system to differentiate follicular PTC from classic PTC and to correlate the risk score of follicular PTC with its FNAC categories and pathologic features.
T he follicular variant of papillary thyroid carcinoma (PTC) is the most common variant of PTC. It accounts for about 18% to 30% of all PTC cases. [1] [2] [3] Preoperative diagnosis of follicular PTC using ultrasound (US) and fine-needle aspiration cytology (FNAC) has faced more challenges than classic PTC. [4] [5] [6] [7] The US features of follicular PTC are considerably different in many ways compared with classic PTC. Follicular PTC has been reported to have more benign US features than classic PTC. 4, 7, 8 The suspected rate of malignancy on US examination is lower in follicular PTC. 4 Additionally, follicular PTC is diagnosed less frequently, with a lower rate of malignancy when analyzed by FNAC compared with classic PTC. 5 It is generally noted as a benign, 9,10 atypical cell, 4, 9 or follicular 4,9,10 neoplasm instead of suspicious for malignancy or malignancy, 10 because of its subtle and focally displayed nuclear PTC features. 3 Thus far, few studies have presented preoperative US findings, combined with histopathologic findings and clinical characteristics, of follicular PTC compared with classic PTC. No study has analyzed whether combining both the US features and FNAC of follicular PTC can help in the detection, diagnosis, and prediction of the histopathologic appearance of follicular PTC. We aimed to analyze the differences between these carcinoma groups in our institute.
Materials and Methods

Patients
We retrospectively reviewed 308 thyroid nodules of pathologically confirmed follicular PTC or classic PTC from 296 patients who underwent thyroidectomies in Chang Gung Medical Center at Linkou between January 2006 and January 2014. Among them, 8 patients from the follicular PTC group had double follicular PTCs with bilateral involvement (follicular PTC, n 5 156); 2 patients from the classic PTC group had double classic PTCs (classic PTC, n 5 150); and 2 patients from the follicular PTC group had coexisting classic PTC in the opposite lobe. Eventually, data from 156 follicular PTCs in 148 patients and 152 classic PTCs in 150 patients were collected and analyzed. All thyroid carcinoma tissues were pathologically classified according to the World Health Organization criteria. 11 The study was approved by the Institutional Review Board of our hospital (Chang Gung Medical Foundation Institutional Review Board, 102-3433B), and because of its retrospective nature, the requirement for informed consent was waived.
Ultrasound Examinations and Image Analysis
All patients received preoperative thyroid US studies performed by endocrinologists or radiologists using a real-time US machine (Voluson 730 Expert; GE Healthcare, Milwaukee, WI) and a 10-MHz transducer. In these patients, 308 carcinomas of 0.5 cm in diameter or larger on US imaging were reviewed. Two experienced endocrinologists, with 15 and 40 years of experience, respectively, in performing and evaluating thyroid US images, reviewed all of the US images on picture archiving and communication system monitors. The maximal diameter of nodules was measured with electronic calipers on the picture archiving and communication system. For each thyroid nodule, 2 or more grayscale images were acquired in longitudinal and transverse planes (range, 2-10 images).
The following US features were analyzed: nodule size (in the longest diameter); component ( 12 ; echogenicity (solid portions of nodules were assessed with respect to the thyroid parenchyma, classified as isoechoic or hypoechoic); texture (homogeneous or heterogeneous); calcifications (categorized into no calcifications, microcalcifications, macrocalcifications, a mixed pattern of microcalcifications and macrocalcifications, interrupted rim calcifications, or an eggshell rim); margin (categorized into well or poorly defined and regular or irregular); shape (taller than wide or wider than tall); halo (presence or absence of a thin hypoechoic rim); multiplicity (nodularity visible on US images); local lymph node enlargement; and suspicion of extrathyroidal extension on US imaging.
Cytologic Examinations
Among the available 308 nodules with good-resolution US images, 7 follicular PTCs and 5 classic PTCs had not received preoperative FNAC examinations. The FNAC was performed at least once in suspicious thyroid nodules with a 22-gauge needle without local anesthesia after US examinations were performed. In cases with profuse bleeding, a 25-gauge needle was used in a repeated aspiration. The aspirates were stained by the Romanowskybased method developed by Riu 13 or by Papanicolaou staining. Fine-needle aspiration cytologic findings were interpreted by experienced cytopathologists according to the definition and criteria of the Bethesda System for Reporting Thyroid Cytopathology. 3 Surgery was advocated for patients with a cytologic diagnosis of Bethesda class IV (follicular neoplasm), V (suspicious for malignancy), and VI (malignant) disease and for patients with compressive symptoms or large nodules. Patients who underwent surgical treatment and had a final histopathologic diagnosis of follicular PTC or classic PTC were selected. For thyroid carcinomas larger than 1 cm, patients underwent a second surgical intervention for total thyroidectomy, and further histopathologic analyses were made using bilateral thyroidectomy specimens. Cytologic findings and Bethesda diagnoses 3 were compared with our final histologic diagnoses.
Medical records were reviewed for the following data: age, sex, US findings, FNAC results, surgical methods, and histopathologic variables (size, encapsulation, tumor capsular invasion, extrathyroidal extension, multifocality of malignancy, regional lymph nodes, and distant metastasis).
Statistical Analysis
The Student t test was used to compare patient age and nodule size on US images between groups. The v 2 analysis or Fisher exact test was used to compare discrete variables in SPSS version 22 software (IBM Corporation, Armonk, NY). A decision tree by recursive partitioning was done by using the "rpart" package of R statistical software.
14 Logistic regression with backward selection by the Bayesian information criterion 14 was used to determine the significance of US features (with the component stratified to pure solid or not and calcifications to yes or no) as predictors for classic PTC; coefficients of the final model were used to construct the US risk score. A receiver operating characteristic curve was constructed to investigate the usefulness of the US risk score in predicting classic PTC, and the point with the largest sum of sensitivity and specificity was chosen as the cutoff value. The Mann-Whitney test was used to compare the differences in US risk scores between patients with Bethesda I-III versus Bethesda IV-VI categorization, as well as patients with or without pathologic encapsulation or multicentricity.
Results
The demographic characteristics of patients with follicular and classic PTC are shown in Table 1 . No difference between age and sex was observed between groups. The US features are listed in Table 2 . Classic PTC had higher Data are presented as mean 6 SD and number (percent) where applicable. a Total numbers of patients (follicular PTC, n 5 148; classic PTC n 5 150) were standardized for this category. Eight patients from the follicular group had double follicular PTCs with bilateral involvement (n 5 156); 2 patients from the classic group had double classic PTCs with bilateral involvement; and 2 patients from the follicular PTC group had coexisting classic PTC in the opposite lobe. All of these nodules were larger than 0.5 cm and possessed good US image resolution; thus, they were included in the analysis for US features. b v 2 test. percentages of pure solid nodules, hypoechogenicity, presence of calcifications, an irregular margin, a tallerthan-wide shape, extrathyroidal extension, and lymph node metastasis than follicular PTC. On the contrary, follicular PTC had higher percentages of isoechogenicity, a well-defined and regular margin, absence of calcifications, presence of a halo, multiple nodularity, and larger size than classic PTC ( Figure 1A ). Intranodular mixed microcalcifications and macrocalcifications, reminiscent of the "starry sky" feature, appeared more in classic PTC than in follicular PTC ( Figure 1B) , whereas microcalcifications, a frequently observed malignant US feature, showed no differences between the groups. Lesions appearing as cystic, predominately cystic, and spongiform constituted 8.3% of follicular PTCs ( Figure  1 , C-E). When tumor size was further categorized into subgroups according to the tumor size in TNM staging, follicular PTC had a higher distribution of tumor stages than classic PTC. Multivariate logistic regression with backward selection by the Bayesian information criterion found hypoechogenicity (b coefficient, 2.6; odds ratio, 12.8; 95% confidence interval, 7.1-24.1; P < .001), calcifications (b coefficient, 1.5; odds ratio, 4.6; 95% confidence interval, 2.4-9.2; P < .001), and an irregular margin (b coefficient, 1.4; odds ratio, 4.2; 95% confidence interval, 1.7-11.2; P < .001) to be significant predictors of classic PTC. A US risk score equation was then constructed by summing up the multiplication of significant predictors and approximately 2-fold of their b coefficients. (US risk score 5 5 3 echogenicity 13 3 calcification 1 3 3 margin regularity; the individual US risk scores were hypoechogenicity, score 5; isoechogenicity, score 0; irregular margin, score 3; regular margin, score 0; any calcifications, score 3; and no calcifications, score 0). The receiver operating characteristic curve had an area under the curve of 0.85 and a cutoff value of 8.0, with specificity of 87% and sensitivity of 69% for predicting classic PTC. Risk scores of follicular PTC were significantly lower (mean 6 SD, 4.8 6 2.6) than those for classic PTC (9.0 6 2.6). The decision tree by recursive partitioning, illustrated in Figure 2 , obtained the same set of predictors for classic PTC as those by multivariate logistic regression. Table 3 displays the results of FNAC and histologic findings for the groups. The follicular PTC group contained fewer tumors with advanced Bethesda categories (IV-IV) by FNAC than classic PTC. Follicular PTC also had higher percentages of encapsulation and multifocality and lower percentages of extrathyroidal extension and neck lymph node metastasis than classic PTC. Table 4 lists the difference in US risk scores by Bethesda categories and pathologic features. In contrast to classic PTC, follicular PTC had a higher US risk score in Bethesda stages I-III than in stages IV-VI (as shown in Figure 1F ). In both follicular and classic PTC, the US risk scores were higher in nodules with multifocality and no encapsulation.
Discussion
In this retrospective analysis, age and sex were not significantly different between patients with the follicular variant of PTC and classic PTC. A female predominance was observed in the follicular PTC group, which was similar to findings reported in the literature (79%-88%). 6, 8, 10, 15 The average follicular PTC tumor size was larger than that of classic PTC, as shown in other studies.
2,4,5
Ultrasound features with a high suspicion for malignancy, including microcalcifications (with or without interrupted rim calcifications), an irregular margin (microlobulated, spiculated, or infiltrative), a taller-thanwide shape, 12,16-22 hypoechogenicity, [16] [17] [18] [19] [20] [21] [22] solid nodules, 16, 18, 20 absence of a peripheral halo, 19 regional lymphadenopathy, 12, [18] [19] [20] 22 and extrathyroidal extension, 12, 18, 22 are in consensus with various guidelines. The American Thyroid Association emphasized that microcalcifications, an irregular margin, and a tall shape have the highest specificities (>90%), but hypoechogenicity has less specificity (55% of benign tumors are hypoechoic). 12 Although the sensitivities are considerably lower for any single feature, we believe that all of the above malignant US features are more specific for classic PTC rather than other thyroid cancers. Follicular carcinoma 23 and follicular PTC 4 are more likely to be isoechoic to hyperechoic, noncalcified, wider-than-tall nodules with regular smooth margins.
Follicular PTCs have different US features compared with classic PTCs and have been suggested to have relatively benign US features. 4, 7 Inconsistent appearances were identified by small univariate analyses (n 5 27-78): follicular PTCs were found to be purely solid (71%-93% 5, 6 , to be noncalcified (65%-85% 4, 9 , to have microcalcifications (43.7% 5 or mixed calcifications (33%-43% 5, 6 , to have regular smooth (61%-81% 4, 8, 9 or irregular (65%-67.6% 5, 6 margins, to be hypoechoic (60.2%-77.5% 6, 8, 9 or isoechoic (52%-67.6% 4, 5 , to have a taller-than-wide shape (5%-9% 4, 8 up to 35%-48% 6, 9 , and to have halos (25%-32.4% 4, 5 . Our observations are in agreement with previous research stating that follicular PTCs are more likely to present as isoechoic, noncalcified, 4, 12 well-defined nodules with irregular margins and less so with a taller-than-wide shape. 4 Although lesions that appear as cystic, partially cystic without suspicious features, and spongiform are thought to have a very low risk of malignancy (<1%-3% 12 , they constituted 8.3% of the follicular PTCs overall, and malignancy cannot be excluded.
There have been many studies comparing the US risk scores between benign and malignant thyroid tumors 16, 17, 24 ; however, so far, no study has made a comparison of scores between follicular and classic PTCs. With the US risk scores that we established, classic PTC can be easily distinguished from follicular PTC. Furthermore, we proved that our follicular PTCs had significantly lower mean and median US risk scores than classic PTCs, which correspond numerically to a relatively benign US pattern. We agree that a diagnosis of follicular PTC should be considered when thyroid nodules have a relatively benign US appearance but have Data are presented as number (percent). Bethesda System for Reporting Thyroid Cytopathology diagnostic categories: I, nondiagnostic or unsatisfactory; II, benign; III, atypia of undetermined significance or follicular lesion of undetermined significance; IV, follicular neoplasm; V, suspicious for malignancy; and VI, malignant. NA indicates not available. suspicious or malignant fine-needle aspiration biopsy results. 7 Although preoperative US extrathyroidal extension 12, 22 and lymphadenopathy 12, [19] [20] [21] [22] are highly suggestive of malignancy, they have rarely been discussed and compared between groups in the literature. Our preoperative detection rate was low compared with pathologic findings in both groups, reflecting the difficulty of including preoperative US in diagnosis. Our pathologic extrathyroidal extension and neck lymph node metastasis rates were significantly lower in follicular PTC than classic PTC, and were comparable with previous results. 8 Fine-needle aspiration cytology is a widely accessible preoperative diagnostic procedure with high accuracy, especially for PTC. However, the diagnostic rate of FNAC in follicular PTC is significantly lower than that in classic PTC. Microfollicles with focal and subtle changes in nuclear features that are commonly shown in follicular PTC 3 make it difficult to distinguish follicular PTC from benign follicular lesions. These limitations may lead to an FNAC diagnosis of a benign or follicular neoplasm, rather than malignancy. Nondiagnostic/ unsatisfactory and benign diagnoses were unsurprisingly found in lesions that were predominantly cystic, cystic, and spongiform on US. Our combined cytologic diagnosis of "suspicious for malignancy" and "malignancy" was 14.7%, which was lower than the results of others [4] [5] [6] 9 but consistent with our previous study (11% 10 . This finding may be explained by that fact that half of our cases were encapsulated follicular PTCs, which were more difficult to recognize by FNAC, 15 and our FNAC examinations were performed by different cytologists; thus, interobserver variability may have occurred.
There has been little discussion regarding how US features aid in the diagnosis of follicular PTC in the literature. One study found that the presence of suspicious malignant US features in nodules with ambiguous cytologic findings may aid in the diagnosis of follicular PTC (n 5 40). 6 That study showed that 7 of the 8 nodules with Bethesda-defined atypia of undetermined significance/follicular lesion of undetermined significance and 1 of the 2 nodules that were follicular neoplasms on FNAC had suspicious malignant US features (hypoechogenicity, microcalcifications or mixed calcifications, a microlobulated or irregular margin, and a taller-thanwide shape). In our study with 4-fold their number of cases, we further proved that significantly higher US risk scores were found in the group of follicular PTCs with Bethesda categories I, II, and III compared with categories IV, V, and VI. This observation indicates that our US risk scores may aid in the awareness of follicular PTC as a referral either for repeated US-guided FNAC or for surgical intervention.
Aggressive histopathologic features, such as thyroid capsular invasion, extrathyroidal extension, and lymph node metastasis, are considerably less common in follicular PTC than in classic PTC. Several of our observations were in line with previous studies: half of our follicular PTCs were encapsulated, 6 and there was significantly less neck lymph nodes metastasis 2, 8, 25 and extrathyroidal extension 2, 5, 8, 25 compared with classic PTCs. Multicentricity and bilateral involvement were significantly higher in our follicular PTCs compares with classic PTCs, which were similar to the findings of Passler et al 1 and Tunca et al. 25 Some authors found that multifocality was similar in both groups. 2, 5, 8 A recent study of follicular PTC showed that noninvasive encapsulated follicular PTCs generally have indolent behavior with a very low risk of adverse outcomes and should thus be termed "noninvasive follicular thyroid neoplasms with papillary-like nuclear features." 26 They may not need to be treated as conventional thyroid cancers. This finding raises the importance of preoperative discovery of noninvasive encapsulated follicular PTC. We observed that our pathologic encapsulated follicular PTCs had a significantly lower malignant US risk score compared with those without encapsulation. This result implies that noninvasive encapsulated follicular PTC may present with a more benign US appearance. The US risk scores for pathologic multifocality were significantly higher than for those without multicentricity, indicating that our US risk scores can predict histopathologic aggressiveness and features.
Our study had some limitations. First, it was a retrospective review of those lesions with clear US images in a picture archiving and communication system and a pathologically proven diagnosis of follicular or classic PTC after surgery, which led to a selection bias. A future prospective study with-real time US may overcome this limitation. Second, FNAC examinations were performed and read by cytologists with different levels of experience; therefore, considerable interobserver variability may have existed among the diagnoses.
In conclusion, the US features of the follicular variant of PTC were significantly different in many ways compared with those of classic PTC. Follicular PTC had significantly lower US malignant scores, and our US risk scores can distinguish follicular PTC from classic PTC. A high US risk score combined with FNAC Bethesda I, II, or III categorization does not completely exclude malignancy. Although a less definite diagnosis is seen when using FNAC for follicular PTC, awareness and diagnosis of follicular PTC may be improved on the basis of a higher US risk score. High US risk scores can also predict biological behavior, taking into account pathologic capsular invasion and multicentricity of malignancy. Our study emphasized triage efficiency rather than diagnostic accuracy, and high US risks scores can trigger repeated FNAC or referral for surgical intervention.
